ABSTRACT A total of 160 1-day-old ducklings (average initial body weight of 53 g), were used in a 42-d feeding trial to evaluate the effects of reducing nutrient density of diets, and supplementing the diets with a phytogenic blend (quillaja, anise, and thyme) on their growth, carcass quality, and nutrient digestibility. After checking body weight on d 1, the birds were sorted into pens with 5 birds/pen and 8 pens/treatment. The treatments were: T1, Basal diet; T2, T1 + 150 ppm phytogenic blend; T3, T1 -(1% CP, 0.04% Lys, 0.05% Met+Cys, 0.02% Ca, and 0.02% P, and 50 kcal ME); T4, T3 + 150 ppm phytogenic blend. The results indicated that reducing nutrient density of the diets had an adverse effect (P < 0.05) on body weight gain (BWG) on d 1 to 21, d 21 to 42, and the overall experimental period. Supplementing the diets with the phytogenic blend improved (P < 0.05) BWG and feed conversion ratio (FCR) on d 21 to 42 and the overall experimental period. Feed intake was not affected by treatments. Low nutrient density diets increased (P < 0.05) the cooking loss percentage of breast meat. Supplementing the diets with the phytogenic blend decreased (P < 0.05) the lightness of breast meat. The percentage of drip loss was influenced (P < 0.05) by nutrient density and the phytogenic blend on d 1 and d 7. The relative weights of breast meat, abdominal fat, gizzard, liver, spleen, and bursa of Fabricius, pH, and TBARS values were not affected by the treatments. The digestibility of dry matter, energy, nitrogen, ADF, and NDF was decreased (P < 0.05) by reducing nutrients density of the diets, but addition of the phytogenic blend alleviated (P < 0.05) the negative effects of lowering the nutrient density. The results indicated that the ducks fed high nutrient density diets supplemented with the phytogenic blend showed higher BWG and nutrient digestibility and lower FCR, cooking loss, drip loss, and TBARS value, without any negative effect on meat quality and relative organs weights.
INTRODUCTION
The use of antibiotics as growth promoters (GPA) in the poultry industry has been under severe criticism. On the other hand, the removal of antibiotics as growth promoters in the poultry industry might have negative economic impacts, which raises concern for finding alternatives for GPA. Several available alternatives are commonly being used, including probiotics, prebiotics, phytogenic feed additives, and so forth. Phytogenic feed additives include a wide range of plants (e.g., thyme, anise, ginger, turmeric, cinnamon) and plant-derived compounds, such as essential oils and oleoresins (Windisch et al., 2008) . These kinds of products have several advantages, one of which is that they are residue-free; furthermore, they are commonly used compounds in the food industry, and are generally recognized as safe additives (Varel, 2002) . Previous studies have reported some beneficial effects of using phytogenic feed additives, such as their influence on lipid metabolism, ability to stimulate digestion, antimicrobial and antioxidant properties, and anti-inflammatory potential (Cuppett and Hall, 1998; Acamovic and Brooker, 2005; Brenes and Roura, 2010) . Most of the published results demonstrate reduced feed intake with a largely unchanged body weight gain or final body weight, leading to an improved feed conversion ratio when using phytogenic feed additives (Botsoglou et al., 2002; Lee et al., 2003; Hernandez et al., 2004; Shanmugavelu et al., 2004; Jang et al., 2007) that employ oregano essential oil, thymol, cinnamaldehyde, pepper, garlic powder, and a commercial blend of essential oils containing thymol. However, some other studies indicate that plant extracts (capsaicin and polyphenols) can have positive effects on the daily weight gain and gain : feed ratio of broiler chickens (Kamel, 2001) . Some other studies have focused on the other functions of phytogenic feed additives, like their antioxidant function (Cervato et al., 2000; Abdalla and Roozen, 2001; Damechki et al., 2001; Martinez-Tomé et al., 2001; Vichi et al., 2001; Bendini et al., 2002) . It has been reported that carvacrol and thymol, the two main phenols that constitute about 78 to 82% of the essential oil of oregano, are mainly responsible for this antioxidant function (Yanishlieva and Marinova, 1995; Yanishlieva et al., 1999) . Furthermore, the other monoterpene hydrocarbons (γ-terpinene and p-cymene, two that constitute about 5% and 7% of the total oil content of oregano, respectively) also contribute to antioxidant activity (Adam et al., 1998) . Most of the published studies have mainly been focused on investigating the effects of the phytogenic feed additives on pigs and broiler chickens, without considering the meat yield and portion of meat-type ducks in the poultry industry. Also, lowering the nutrient density of diets could be a useful approach for reducing production cost and environmental nutrient pollution. Therefore, the purpose of this study is to evaluate the effects of phytogenic blends on growth performance, carcass characteristics, TBARS values of breast meat, and nutrient digestibility in ducks fed different nutrient density diets.
MATERIALS AND METHODS

Animals, Diets, and Facilities
The experimental protocols describing the management and care of animals were reviewed and approved by the Animal Care and Use Committee of Dankook University, South Korea. In this experiment, 160 1-dayold SM-3 ducklings (Cherry Valley Farms Ltd, Laceby, UK; hatched in a local hatchery) with an average initial BW of 53 g were used in a 42-d growth assay. The ducklings were randomly sorted into pens, with five birds per pen and eight pens per treatment. The birds were housed in battery cages (1.55 × 0.75 × 0.55 m/cage), in an environmentally controlled room (32 to 24
• C and 65% relative humidity), and were allowed free access to feed and water during the experiment. Each cage was equipped with two feeders in each side and two nipple drinkers.
Dietary treatments were: T1, Control; T2, T1+ 150 ppm phytogenic blend; T3, T1 -(1% CP, 0.04% Lys, 0.05% Met+Cys, 0.02% Ca, and 0.02% available P, and 50 kcal ME); T4, T3+150 ppm phytogenic blend. The basal diet was formulated to meet or exceed the nutrient requirements (Table 1) recommended by the National Research Council recommendations (NRC, 1994) . The phytogenic blend employed in this experiment consisted of 30% quillaja, 20% anise, 17% thyme, and 33% wheat flour as a carrier.
Sampling and Measurements
Body weight and feed consumption were measured on d 1, 21, and 42 to monitor the gain in body weight (BWG), feed intake (FI), and feed conversion ratio (FCR). Apparent total tract digestibility (ATTD) of dry matter (DM), nitrogen (N), energy (En), ash, calcium (Ca), phosphorus (P), acid detergent fiber (ADF), and neutral detergent fiber (NDF) were determined by adding chromium oxide (0.2%) as an inert indicator in the diet. Birds were fed diets mixed with chromium oxide during the last week of the experimental period (d 35 to d 42). Fecal samples were collected from each pen on d 42, and stored in a freezer at -20
• C until being analyzed. Before the chemical analysis, the fecal samples were thawed and dried at 60
• C for 72 h, after which they were finely ground to a size that could pass through a 1-mm screen. Then, all the feed and fecal samples were analyzed, following the procedures outlined by the AOAC (2000). Chromium was analyzed by UV absorption spectrophotometry (Shimadzu, UV-1201, Shimadzu, Kyoto, Japan), following the method described by Williams et al. (1962) . For calculating the ATTD of the nutrients we used the following formula:
where Nf = concentration of nutrient in feces (%DM), Nd = concentration of nutrient in the diet, Cd = concentration of chromium in the diet, and Cf = concentration of chromium in the feces (Zhao and Kim, 2014) . At the end of the experimental period, 16 birds per treatment were weighed and slaughtered, and the breast meat, abdominal fat, gizzard, liver, spleen, and the bursa of Fabricius were removed by trained personnel. Collected samples were then blotted to remove excess moisture and weighed. Hunter L * (lightness), a * (redness), and b * (yellowness) of breast meat were measured using a Minolta CR410 Chroma Meter (Konica Minolta Sensing Inc., Osaka, Japan). The percentage of drip loss was determined on d 1, 3, 5, and 7 by using the procedure described by Honikel (1998) . For determining the cooking loss percentage, breast meat samples were weighed before and after cooking, then the cooked weight divided by uncooked weight and multiplied by 100.
Each meat sample (5 g) from the breast was homogenized in 15 mL of distilled water. The sample homogenate (5 mL) was transferred to a test tube, and the lipid oxidation was determined as the 2-thiobarbituric acid-reactive substance (TBARS) value, described by the method of Ahn et al. (1999) . The lipid oxidation was reported as mg of malondialdehyde per kg of meat (Jang et al., 2007) . Duplicate pH values for each sample were measured, using a pH meter (Fisher Scientific, Pittsburgh, PA).
Statistical Analysis
All data were subjected to the statistical analysis as a completely randomized design, with a 2 × 2 factorial arrangement using the GLM procedures of SAS (SAS Inst., 1996) , and the pen was used as the experimental unit. The main effect included the dietary nutrient density and the phytogenic blend inclusion, as well as any interaction between the dietary nutrient density and the phytogenic blend (Upadhaya et al., 2014) .
The mean values and standard errors (SE) are reported. Probability values of less than 0.05 were considered to be significant.
RESULTS
Growth Performance
The data presented in Table 2 showed that BWG in the birds fed high nutrient density diets was significantly higher than the birds fed low nutrient density diets on d 1 to 21, d 21 to 42, and d 1 to 42. Lowering the nutrient density of diet had an adverse impact on FCR, but supplementing the diets with the phytogenic blend alleviated this negative impact and improved FCR significantly on d 21 to 42 and d 1 to 42. There was no significant impact observed on FI during the experimental period.
Carcass Characteristics
Data represented in Table 3 showed that pH value was not affected by the treatment diets. The results showed that supplementing the diets with the phytogenic blend reduced the lightness of breast meat (P < 0.05). Redness and yellowness of breast meat were not affected by the treatment diets. Cooking loss percentage was influenced by nutrient density levels in the diets (P < 0.05) and the lowest cooking loss percentage was observed in the birds fed high nutrient density diets supplemented with phytogenic blends. The data indicated that nutrient density and phytogenic blend significantly affected drip loss percentage on d 1, but no significant effects were observed on d 3 and d 5; on d 7, however, supplementing the diets with the phytogenic blend influenced the percentage of drip loss (P < 0.05). Relative weights of breast meat, abdominal fat and body organs were not affected by the treatment diets. Thiobarbituric acid reactive substance (TBARS) value, as an index of lipid oxidation on d 0, was not affected by treatment diets; however, on d 7 postslaughter there was a trend (P = 0.06) in reducing this value by the nutrient density level of diets. On d 14 postslaughter, the TBARS value was meaningfully reduced by nutrient density level and the phytogenic blend supplementation. 
Nutrient Digestibility
Nutrient digestibility results presented in Table 4 show that the dry matter digestibility was influenced by the nutrient density level and phytogenic blend (P < 0.05). Digestibility of N was reduced by lowering the nutrient density (P = 0.03), and there was a trend (P = 0.06) in improving the N digestibility by phytogenic blend supplementation. The results indicated that digestibility of energy was significantly affected by both factors, without observing any interaction between nutrient density of the diets and phytogenic blend. Nutrient density had a remarkable effect (P < 0.05) on ADF and NDF, while digestibility of ash, Ca, and P were not affected by the treatment diets.
DISCUSSION
Previously, several researchers have investigated the effects of phytogenic feed additives on poultry and swine; mostly, they have reported that inclusion of dietary phytogenic feed additives led to improved performance (Kamel, 2001; Demir et al., 2003; Franz et al., 2010) . Based on the current available literature, Brenes and Roura (2010) suggested different modes of action for phytogenic feed additives, such as sensorial, metabolic, antioxidant and antimicrobial functions. The potential of the hydrophobic essential oils can be effective in intruding into the bacterial cell membrane, disintegrate membrane structures, and cause ion leakage (Windisch et al., 2008) . Franz et al., (2010) reported that addition of phytogenic additives to the diet of pigs improved the performance with an average of a 2% increase in BWG and a 3% in the G:F ratio. In consistent with the results of this study, Franz et al. (2010) also reported that supplementing the diet of broiler chickens with dietary phytogenic additives had no significant effect on feed intake, although BWG and FCR were improved. Bampidis et al. (2005) reported that addition of 1.25 to 3.75 g/kg of phytogenic feed additive (dried oregano leaves) to the diet of Turkeys resulted in a significant improvement in G:F ratio. The results of another study conducted on quails, by Denli et al. (2004) , indicated that dietary supplementation of 60 ppm thyme oil blend (contained 67.8% carvacrol) improved BWG and FCR. The findings of this study are in agreement with previously published results. Lambert et al. (2001) suggested that carvacrol and thymol, which are structurally similar and two major components of oregano essential oil, had a synergistic effect. Another study conducted by Ultee et al. (2002) identified that a biological precursor of carvacrol (cymene) had higher preference for liposomal membrane and in this way causes more expansion. It is assumed that this mechanism enables carvacrol to be transported into the cell more easily. Among different factors affecting meat quality, lipid oxidation, is a major concern during meat processing, cooking and storage, which can influence the quality of product (due to the loss of desirable color, odor, and flavor and a shortening of the shelf-life) (Maraschiello et al., 1998) . Farag et al. (1989) investigated the antioxidant function of phytogenic feed additives and reported high antioxidant activity of thymol; they suggested that antioxidant function of thymol is due to the presence of phenolic OH groups, which can retard the hydroxy peroxide formation. In agreement with the results of this study, Marcincak et al. (2008) showed that addition of phytogenic feed additives to the diet of broiler chickens lowered the rate of lipid oxidation compared to chickens that received no phytogenic additives. Consistent with the findings of present study, Soisuwan and Chauychuwong (2013) reported that dietary inclusion of phytogenic additives reduced the percentage of drip loss in the ducks' breast meat. They suggested that improved carcass quality is due to the improved gastric and intestinal enzyme activities, which resulted in an improvement in proteinaceous tissue of cell membrane and water holding capacity of muscle cell membrane as well.
Several studies have reported that supplementing the diet of broiler chickens with phytogenic blends (containing carvacrol, cinnamaldehyde, and capsaicin) improved DM, EE, fiber, ash, and CP digestibility (Jamroz et al., 2003; Hernandez et al., 2004; Li et al., 2012) . The improvement in nutrients digestibility can be explained by higher secretion of saliva and bile and consequently enhanced enzyme activity (Platel and Srinivasan, 2000; Jang et al., 2004) . There is also some evidence showing that addition of essential oils to the diet of broiler chickens increased the activity of trypsin and amylase (Lee et al., 2003) . Ahmed et al. (2013) showed positive impacts of a phytogenic blend containing oregano, anise, orange peel, and chicory essential oils on protein digestibility in weaned piglets. Jang et al. (2007) suggested that addition of phytogenic feed additives improved pancreatic enzyme activities, which resulted in improving digestibility of organic matter, CP, and EE in broiler chickens.
CONCLUSION
The global trend in eliminating GPA from animals' rations and consequently raising concern about alleviating the economic loss caused by eliminating GPA has motivated animal nutritionists to use phytogenic feed additives as well as other available alternatives. According to the findings of current research, it is concluded that feeding ducks with low nutrient density diet supplemented with phytogenic blends will compensate for a high nutrient density diet. In consistent with most of the previous studies, the results of this study indicated that addition of a phytogenic blend to the diet of meattype ducks improved growth performance, meat quality, and nutrient digestibility, with no negative impact on carcass characteristics.
